Radioactivity of Spring Water.
R. R. Ramsey.
Since the discovery of the Becqerel rays in 1896 by Henri Becqerel a great amount of work has been done on radioactive bodies; i. e., bodies which give out a radiation which, among other things, renders the air conducting. Madam Curie discovered polonium and radium in 1898. After the discovery of radium a great many workers contributed to our knowledge of radioactive bodies. Radium and polonium are now known to be transformation products in the radioactive series headed by uranium. Besides the uranium-radium series we have the thorium series, the actinium series, and the potassium series in the radioactive list.
Very early in the history of radioactivity, tests were made on ordinary matter to see if all matter is radioactive. Although there is some evidence to show that all matter is radioactive, i.e., is disintegrating, it has been found that a great part of the effect is due to slight traces of radium and other radioactive substances which are mixed with matter. Thus the surface of the earth is covered with slight traces of radium. The exact distribution of radium on the surface of the earth is not known, determinations having been made in a relatively few localities. Besides the scientific interest in the distribution of radium there is another. It has been found that a great many of the celebrated European springs and baths show an unusual amount of radioactivity. The theory has been advanced that the curative properties of these springs are due to the radioactivity of the water. Table I gives a partial list of the measurements made on noted springs also a short list of ordinary springs, etc. The radioactivity of water may be due to traces of radium salts dissolved in the water. It may be due to some other product of the uraniumradium series, to radium emanation, usually, or to some product of the thorium or actinium series. The greater amount is usually due to radium or radium emanation dissolved in the water.
In the uranium-radium series (Table No. 2), it will be noted that when one substance changes into another a radiation of a, £, or v rays, in some cases all three, are given off. This radiation ionizes the air and renders it conducting. The conductivity of the air becomes a measure of the radioactivity of the substance. This is proportional to the rate which a charged body loses its charge.
The ionization produced by the three sets of rays is about in the following proportions: a = 100%, p = 1.%, y = .01%. The penetrating powers are in the inverse proportion. Electroscopes for radioactive measurements are known as a ray electroscopes, $ ray electroscopes, y ray electroscopes according to the amount of material that must be penetrated by the radiation in order to get into the electroscope.
Thus in an a ray electroscope the substance tested is placed in the electroscope or very near to a window covered with a very thin sheet of aluminum or paper. The rays pass in without absorption and practically all, at least 99%, of the ionization is produced by the a rays. In the § ray electroscope the radiation must pass through .05 mm. aluminum, which absorbs all the alpha rays and the ionization is produced by the^rays. In thej ray electroscope the radiation must pass through 2 mm. of lead, which completely absorbs the a and p radiation leaving thej' rays to produce the ionization. Thus for very weak radioactive bodies the a rays are used, to produce the ionization. In a chamber of smaller dimensions the effect of the slower electrons will be greater than the above, since a greater number of the high velocity ones will be absorbed by the walls of the chamber before they have produced their maximum number of ions.
The quantity of emanation gas associated with or occluded in, or in equilibrium with, a quantity of radium has been found to be directly proportional to the mass of radium. This is so true that the amount of emana- The leaf which is a narrow strip of Dutch foil should be attached to the plate so as to be straight and to swing freely bending at a point near the plate.
The deflection of the leaf is observed through a small window at one side.
A similar window should be placed on the opposite side to admit light.
To read the amount of deflection a scale S, as shown in Fig. 4 the capacity of the "leaf" system plus the charging system. Knowing the sum, the capacity of the "leaf" can be had by getting the ratio of the two by an operation similar to the above.
Removing the Emanation Gas from the Solution. The quantity alpha, a, has been determined experimentally and has been found to depend upon the temperature. The value at any temperature can be had by referring to the curve (Fig. 7) . The data for this curve is taken from M. Koflcr (Akad. Wiss. Wien, Ber. 121, 2a pp. 2193; Sci. Abs.
Vol. 16, 1742, 1913) , and Boyle (Phil. Mag., 22, p. 840, 1911.) As a test of the above equation the following will serve (Table 4) .
Three tests were made at the spring under the ordinary conditions. The :J0-4966 same electroscope was used, but two shaking cans were used, the larger of which had three stop cocks so that two volumes of water could be had. 
